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Introduction {#sec001}
============

Extensive damage was caused to Tokyo Electric Power Company's Fukushima Daiichi Nuclear Power Plant (FDNPS) as a result of the Great East Japan Earthquake and resulting tsunami that occurred on March 11, 2011. Accordingly, residents near the FDNPS were evacuated within a few days and foodstuffs were controlled within 1 or 2 weeks. External doses in Fukushima City determined by personal dosimeters were 1 mSv/3 months (September--November 2011) in 99.7% of residents (maximum: 2.7 mSv) \[[@pone.0236997.ref001], [@pone.0236997.ref002]\]. Thyroid radiation dose was 10 mSv (maximum: 35 mSv) in 95.7% of children \[[@pone.0236997.ref003]\]. These measurements of external and internal radiation exposure of residents surrounding the FDNPS have been reported by several research institutions; they all suggest that external and internal radiation doses caused by the accident were relatively low and far from any direct health consequences in the general population \[[@pone.0236997.ref003]\].

Various information was transmitted to the public regarding the radiation-related health risk following the accident and many people in Fukushima felt anxiety about the health effects of radiation exposure, which resulted in social panic. The Fukushima Health Management Survey revealed that among evacuees of the Fukushima disaster, psychological distress was more frequent among people who perceived health effects of radiation exposure to be very likely, it appears that psychological status was related to the perception of radiation risks \[[@pone.0236997.ref004]\]. This result suggests that incorrect understanding of health effects of radiation may be related to psychological distress \[[@pone.0236997.ref005]\]. Furthermore, this anxiety was felt even in communities well outside of Fukushima \[[@pone.0236997.ref006]\].

We previously revealed that employees of ordinary companies and nurses at Fukushima Medical University Hospital intended to leave their jobs during the radiation emergency following the accident and that the lack of knowledge about radiation was behind it \[[@pone.0236997.ref007], [@pone.0236997.ref008]\]. The Investigation Committee on the Accident at the Fukushima Nuclear Power Station suggested that "there should be many opportunities for citizens to deepen their knowledge and understanding of radiation", and that junior high school science classes and medical education should be provided to help residents acquire knowledge about radiation and its potential health effects \[[@pone.0236997.ref009]\].

In October 2012, the Nuclear Regulation Authority of Japan established the "Nuclear Emergency Response Guidelines" to provide information on dealing with various situations on the assumption that safety measures could prevent serious accidents. The guidelines recommend establishing priority areas where preventive protective measures are taken based on the state of the facility before the release of radioactive material. The precautionary action zone (PAZ) is an area where evacuation is conducted proactively within a radius of 5 km from a nuclear power plant before the release of radioactive materials. The urgent protective action planning zone (UPZ) is an area located within a radius of 30 km outside the PAZ, where preventive protection measures including sheltering in place, evacuation and temporary relocation are carried out in stages \[[@pone.0236997.ref010]\]. Local governments where nuclear power plants are located should prepare a nuclear disaster prevention plan, and residents in these areas should participate in nuclear disaster prevention drills. Further, in the event of a radiological emergency, the local government is responsible for providing potassium iodide supplements to the population \[[@pone.0236997.ref010]\].

To more effectively promote nuclear emergency preparedness in the future, and to inform the correct information on the nuclear emergency preparedness to the public, anxieties need to be eliminated by spreading accurate information about radiation among administrative officers in areas where nuclear power plants are located.

The aim of this study was to clarify the factors related to anxiety during work (ADW) among administrative officers working within one UPZ with the goal of establishing an effective education program on radiation and its health effects to help reduce anxiety in residents.

Materials and methods {#sec002}
=====================

Study participants {#sec003}
------------------

This study was conducted in September 2015. We distributed questionnaires to all 1,558 general administrative officers who worked at local public offices within the UPZ of Sendai Nuclear Power Station (SNPS) in Kagoshima Prefecture ([Fig 1](#pone.0236997.g001){ref-type="fig"}), which was the first nuclear power station restarted after the FDNPS accident in Japan. The 1,181 (75.8%) officers who provided complete responses to the questionnaires were included in the analysis.

![Location of Sendai Nuclear Power Station, Kagoshima Prefecture, Japan.](pone.0236997.g001){#pone.0236997.g001}

This study was approved by the ethics committee of Nagasaki University Graduate School of Biomedical Sciences (No. 1703021) and Kagoshima University Graduate School of Health Sciences (No. 324).

Questionnaire {#sec004}
-------------

The questionnaire used in this study was developed based on questionnaires used in previous studies conducted in Fukushima Prefecture on intention to leave work \[[@pone.0236997.ref007], [@pone.0236997.ref008]\] and on the mental health and risk perception survey within the framework of the Fukushima Health Management Survey, which was organized by Fukushima Prefecture \[[@pone.0236997.ref004]\]. The questionnaire was verified with the confirmation of the local government office and Kagoshima University Graduate School of Health Sciences (No. 324). The original questionnaire form is provided in [S1](#pone.0236997.s001){ref-type="supplementary-material"} and [S2 Files](#pone.0236997.s002){ref-type="supplementary-material"}.

In the questionnaire, we asked about the factors associated with ADW and about their level of knowledge of radiation, including the three principles of radiation protection. We also asked questions on the following: demographic factors including sex, age, number of family members, whether they had children under 15 years of age, whether they owned their house, the distance between their house and the SNPS, number of years living at the current address, number of years working, official position, type of work, number of years working in the current section, their level of knowledge about the regional plan for nuclear disaster prevention, their level of knowledge of their own role in the regional plan for nuclear disaster prevention, experience consulting citizens about radiation, whether they had participated in training on nuclear disasters and whether they were hesitant to be exposed to medical radiation.

Statistical analysis {#sec005}
--------------------

We defined the "ADW (+) group" as "officers who were presence of anxiety during work" and the "ADW (−) group" as "officers who were absence of anxiety during work." We identified the factors associated with ADW using the chi-square test. We then used logistic regression analysis and calculated the odds ratios (OR) to identify the factors independently associated with ADW. The original dataset is provided in [S1 Dataset](#pone.0236997.s003){ref-type="supplementary-material"}. *P*-values less than 0.05 were considered significant. Statistical analyses were performed using IBM SPSS Statistics 23 software (Armonk, NY).

Results {#sec006}
=======

Among the 1,181 administrative officers that participated in the study, 640 (54.2%) had ADW, and 178 (15.1%) responded that citizens had asked them questions about radiation. Female officers had significantly higher anxiety than male officers (27.5% vs. 12.9%, p\<0.001). Officers who were living within 20 km of the SNPS ([Table 1](#pone.0236997.t001){ref-type="table"}), who were hesitant to be exposed to medical radiation ([Table 2](#pone.0236997.t002){ref-type="table"}), who had not participated in training for nuclear disasters ([Table 2](#pone.0236997.t002){ref-type="table"}) and who did not know the three principles of radiation protection ([Table 3](#pone.0236997.t003){ref-type="table"}), had significantly higher anxiety.

Logistic regression analysis revealed that female sex (OR = 2.33, 95% confidence interval \[CI\]: 1.70--3.20, p\<0.001), working more than 21 years as an administrative officer (OR = 1.49, 95% CI: 1.17--1.90, p = 0.01), lack of participation in training on nuclear disasters (OR = 1.42, 95% CI: 1.08--1.87, p = 0.012), and not knowing the three principles of radiation protection (OR = 1.36, 95% CI: 1.04--1.78, p = 0.026) were independently associated with having ADW ([Table 4](#pone.0236997.t004){ref-type="table"}).

10.1371/journal.pone.0236997.t001

###### ADW among administrative officers within the UPZ.

![](pone.0236997.t001){#pone.0236997.t001g}

  Item                                             ADW (+) n = 640 (%)   ADW (-) n = 541 (%)   p
  ------------------------------------------------ --------------------- --------------------- ---------
  Female sex                                       176 (27.5)            70 (12.9)             \<0.001
  Older than 40 years of age                       440 (68.8)            359 (66.4)            0.381
  Single household                                 57 (8.9)              62 (11.5)             0.146
  Living with children younger than 15 years old   286 (44.7)            237 (43.8)            0.762
  Living in their own house                        455 (71.1)            392 (72.5)            0.604
  Living within 20 km of the nuclear power plant   320 (50.0)            338 (62.5)            \<0.001
  Living in the area for more than 20 years        255 (39.8)            47 (24.1)             \<0.001
  Hesitant to be exposed to medical radiation      146 (22.8)            61 (11.3)             \<0.001

Numbers indicate survey participants who responded "yes." Percentages indicate the proportion of participants who responded "yes."

ADW: anxiety during work; UPZ: urgent protective action planning zone; ADW (+): presence of anxiety during work; ADW (-): absence of anxiety during work.

10.1371/journal.pone.0236997.t002

###### Working situation by ADW among local administrative officers within the UPZ.

![](pone.0236997.t002){#pone.0236997.t002g}

  Item                                                                                  ADW (+) n = 640 (%)   ADW (-) n = 541 (%)   p-value
  ------------------------------------------------------------------------------------- --------------------- --------------------- ---------
  Working more than 21 years                                                            368 (57.5)            270 (49.9)            0.009
  Working as general staff                                                              368 (57.5)            301 (55.6)            0.520
  Working as staff of radiation-related institutions                                    109 (17.0)            94 (17.4)             0.876
  Experience being asked about radiation by residents                                   92 (14.4)             86 (15.9)             0.467
  Having knowledge of the regional plan for nuclear disaster prevention                 367 (57.3)            347 (64.1)            0.017
  Having knowledge of their role in the regional plan for nuclear disaster prevention   282 (44.1)            312 (57.7)            \<0.001
  No experiences of training on nuclear disaster.                                       350 (54.7)            208 (38.4)            \<0.001

Numbers indicate survey participants who responded "yes." Percentages indicate the proportion of participants who responded "yes."

ADW: anxiety during work; UPZ: urgent protective action planning zone; ADW (+): presence of anxiety during work; ADW (-): absence of anxiety during work.

10.1371/journal.pone.0236997.t003

###### Knowledge of radiation by ADW among local authorities within the UPZ.

![](pone.0236997.t003){#pone.0236997.t003g}

  Item                                                         ADW (+) n = 640(%)   ADW (-) n = 541(%)   p-value
  ------------------------------------------------------------ -------------------- -------------------- ---------
  Not knowing the three principles of radiation protection     455 (71.1)           316 (58.4)           \<0.001
  Not knowing the types of radiation                           223 (34.8)           157 (29.0)           0.033
  Not knowing the units of measuring radiation                 412 (64.4)           274 (50.6)           \<0.001
  Not knowing about half-decay of radionuclides                291 (45.5)           186 (34.4)           \<0.001
  Not knowing about internal and external radiation exposure   186 (29.1)           147 (24.4)           0.072
  Not knowing the annual radiation dose limit for the public   215 (33.6)           156 (28.8)           0.079
  Not knowing about stable potassium iodide                    92 (14.4)            80 (14.8)            0.841

ADW: anxiety during work; UPZ: urgent protective action planning zone; ADW (+): presence of anxiety during work; ADW (-): absence of anxiety during work.

10.1371/journal.pone.0236997.t004

###### Logistic regression analysis for ADW of local authorities within the UPZ.

![](pone.0236997.t004){#pone.0236997.t004g}

  Variables                                        Item                                  OR     95% CI       p-value
  ------------------------------------------------ ------------------------------------- ------ ------------ ---------
  Sex                                              Female/Male                           2.33   1.70--3.20   \<0.001
  Years working as an administrative officer       21 years or more/Less than 21 years   1.49   1.17--1.90   0.001
  Participation in training on nuclear disasters   0 times/More than 1 time              1.42   1.08--1.87   0.012
  Three principles of radiation protection         Unknown/know                          1.36   1.04--1.78   0.026
  Distance from house to the nuclear power plant   More than 20 km/Within 20 km          1.30   0.99--1.68   0.052

ADW: anxiety during work; UPZ: urgent protective action planning zone; OR: odds ratio; 95% CI: 95% confidence interval.

Discussion {#sec007}
==========

Over 9 years have passed since the accident at the FDNPS. In Fukushima Prefecture, the recovery of municipalities such as Kawauchi Village, Naraha Town, and Tomioka Town is progressing \[[@pone.0236997.ref011]\]. In regions of Japan where nuclear power plants are located, nuclear disaster prevention drills are being organized by prefectural and national governments to prepare for possible nuclear accidents in the future.

In this study, we identified the factors related to ADW among administrative officers working within the UPZ of the SNPS, which was the first nuclear power station to restarted after the FDNPS accident. Our results revealed that 54.2% of administrative officers were concerned about the health effects of radiation exposure while working within the UPZ. The United Nations Scientific Committee on the Effects of Atomic Radiation reported that there would be no detectable direct health effects of radiation exposure on the general public following the FDNPS accident \[[@pone.0236997.ref012]\]. Nevertheless, administrative officers working in the UPZ of the SNPS were worried about the health effects of radiation.

In our study, we showed that sex, number of years working, participation in training on nuclear disasters and perceptions of the health effects of radiation were independently associated with administrative officers' anxiety about the health effects of radiation exposure while working within the UPZ of the SNPS.

We indicated that females expressed greater concern about the health effects of radiation exposure than males, which is consistent with previous studies \[[@pone.0236997.ref007], [@pone.0236997.ref008]\]. While no qualitative exploration was done in this particular instance, it may be surmised that women, especially those of childbearing age, may be particularly concerned about the possible effects of radiation on fertility and progeny \[[@pone.0236997.ref007], [@pone.0236997.ref008], [@pone.0236997.ref013], [@pone.0236997.ref014]\]. We also found that number of years working as an administrative officer was significantly associated with ADW within the UPZ. Previously, we reported that nurses' intention to leave their job in Fukushima after the FDNPS accident was significantly associated with younger age and shorter working tenure \[[@pone.0236997.ref007], [@pone.0236997.ref015], [@pone.0236997.ref016]\]. On the other hand, we also surveyed non-medical employees who had been working in areas surrounding the FDNPS and revealed that age and working tenure were not significantly different between employees who intended to leave their job and those who did not \[[@pone.0236997.ref008], [@pone.0236997.ref017]\]. Such inconsistent results may be due to occupational responsibilities during the nuclear disaster.

In addition, our present results showed that place of work, participation in training on nuclear disasters, and knowledge of the three principles of radiation protection were independently associated with administrative officers' anxiety regarding the health effects of radiation exposure due to working within the UPZ \[[@pone.0236997.ref018]\]. It was reported that administrative officers in Fukushima who are responsible for guiding citizens during the recovery process did not have enough knowledge about the health effects of radiation, which caused delays in the recovery of the community \[[@pone.0236997.ref019]\]. It was also pointed out that insufficient unity and lack of credibility of administrative officers and teachers caused anxiety within the public \[[@pone.0236997.ref019]\]. Furthermore, the International Commission on Radiological Protection emphasized the need for dissemination of radiation protection knowledge to the public and stated that the key to disaster recovery is for professionals responsible for public health and education to create a culture of national radiation protection \[[@pone.0236997.ref020]\]. In Japan, the Nuclear Regulatory Agency and other ministries and agencies have created training facilities and programs on radiation and nuclear disaster response. Administrative officers who are responsible for responding to the public should participate in such training to ensure effective communication. Also, it is necessary for administrative officers to build their credibility with the public through daily communication, and to disseminate accurate information about radiation \[[@pone.0236997.ref021]\]. From this point of view, it is important for administrative officers to develop a comprehensive educational program to build trust with the public and reduce public concerns about radiation exposure and its health effects with the cooperation of radiation medical science experts.

Study limitations {#sec008}
-----------------

The present study had several limitations. First, there might have been a selection bias since the study was conducted only in the UPZ of the SNPS. Therefore, the generalizability of the results is limited. Second, in the questionnaire, we could not obtain sufficient information on potential confounding factors, such as detailed lifestyle habits, educational environment, the degradation in trust in the central government after the Fukushima disasters and the responsibilities of study participants related to nuclear disasters.

Conclusion {#sec009}
==========

We revealed that sex, number of years working, participation in training on nuclear disasters, and not knowing the three principles of radiation protection were independently associated with ADW among administrative officers within one UPZ. It is important to establish an effective education program on radiation and its health effects for administrative officers working within the UPZ to reduce the anxiety of residents.

Supporting information {#sec010}
======================

###### The original questionnaire form in Japanese.

(DOCX)

###### 

Click here for additional data file.

###### The original questionnaire form translated into English.

(DOCX)

###### 

Click here for additional data file.

###### The original dataset of this study.

(XLSX)

###### 

Click here for additional data file.
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2\. For the population sampling, how did you choose your study subjects?

According to your suggestion, we revised the Materials and Methods section as follows: "We distributed questionnaires to all 1,558 general administrative officers who worked at local public offices within the UPZ of Sendai Nuclear Power Station (SNPS) in Kagoshima Prefecture (Fig 1), which was the first nuclear power station restarted after the FDNPS accident in Japan. The 1,181 (75.8%) officers who provided complete responses to the questionnaires were included in the analysis." (Page 4 and 5, Lines 84 -- 89.)

3\. Some few grammatical errors had been observed.

According to your suggestion, a native English speaker checked the grammar in the revised manuscript.

 

Reviewer \#3:

We greatly appreciate your comments on our manuscript.
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PLOS ONE

Dear Dr. Orita,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

==============================

I thank the authors for their revised submission, which, based on my review, has adequately addressed the reviewers concern bar one.

The sentence \"This might be due to women's motherly instincts, such as anxiety about childbearing and raising children \[7, 8, 13, 14\]\" (lines 182-184) is problematic, primarily because of the use of \"motherly instincts\". I think the authors are trying to suggest that the concerns women might have are not a result of motherly or maternal instincts, but more on their future ability to bear healthy children.

As such, the sentence may be better explained with something along the lines of: \"While no qualitative exploration was done in this particular instance, it may be surmised that women, especially those of childbearing age, may be particularly concerned about the possible effects of radiation on fertility and progeny \[7, 8, 13, 14\]\".

If the authors are insistent on the use of \"motherly instincts\", then this discussion section will have to be expanded in order for the authors to adequately support their claim (through quantitative or qualitative studies) that health concerns are a result of female sex.

==============================

Please submit your revised manuscript by Aug 13 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Haikel A. Lim, MD, MSc

Academic Editor

PLOS ONE

Additional Editor Comments (if provided):

I thank the authors for their revised submission, which, based on my review, has adequately addressed the reviewers concern bar one.

The sentence \"This might be due to women's motherly instincts, such as anxiety about childbearing and raising children \[7, 8, 13, 14\]\" (lines 182-184) is problematic, primarily because of the use of \"motherly instincts\". I think the authors are trying to suggest that the concerns women might have are not a result of motherly or maternal instincts, but more on their future ability to bear healthy children. As such, the sentence may be better explained with something along the lines of: \"While no qualitative exploration was done in this particular instance, it may be surmised that women, especially those of childbearing age, may be particularly concerned about the possible effects of radiation on fertility and progeny \[7, 8, 13, 14\]\". If the authors are insistent on the use of \"motherly instincts\", then this discussion section will have to be expanded in order for the authors to adequately support their claim (through quantitative or qualitative studies) that health concerns are a result of female sex.

\[Note: HTML markup is below. Please do not edit.\]

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0236997.r004

Author response to Decision Letter 1

30 Jun 2020

Dear Academic Editor,

We greatly appreciate your comments on our manuscript. According to your suggestion, we changed the applicable part as follows: from "This might be due to women's motherly instincts, such as anxiety about childbearing and raising children" to "While no qualitative exploration was done in this particular instance, it may be surmised that women, especially those of childbearing age, may be particularly concerned about the possible effects of radiation on fertility and progeny". (Page 14, Lines 176 -- 179).

Your kind support would be most appreciated.
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Dear Dr. Orita,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Haikel A. Lim, MD, MSc

Guest Editor

PLOS ONE

Additional Editor Comments (optional):

Thank you for your revised manuscript. I am pleased to convey that this manuscript is ready for publication in PLOS ONE. Thank you once again for your submission and professionalism throughout the review process. I wish you the best of luck in your future research endeavours.

Reviewers\' comments:

10.1371/journal.pone.0236997.r006
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Factors affecting anxiety among administrative officers working within the urgent protective action planning zone of a nuclear power station

Dear Dr. Orita:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Haikel A. Lim

Guest Editor

PLOS ONE
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